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After 5 days of ectopic expression, N. benthamiana leaves were embedded in 6% agarose and 160 hand-sectioned with a razor blade. For Basic Fuchsin staining, cross-sections were cleared and 161 fixed for 15 min in methanol, before they were incubated in 10% (w/v) NaOH at 65 °C for 1 hour. Extractive-free plant material was used to determine Klason lignin content and structural 173 carbohydrate concentration according to Coleman et al., 2008 . The monolignol composition was 174 determined by thioacidolysis as described in Robinson and Mansfield (2009) with minor 175 modifications. Since the overall lignin content was relatively low, lignin monomers were extracted 176 from 20 mg of extractive-free plant tissue and 2 µl were injected into the gas chromatograph. 177
178

Transcriptome Analysis 179
To minimize the effects of natural transcriptional differences between N. benthamiana plants, 180 single leaves were infiltrated with all four TFs according to the scheme illustrated in Supplementary 181 Fig. S2 . In order to capture high gene expression of transcriptional networks, leaf tissue was 182 harvested 4 days post infiltration and immediately frozen and ground in liquid nitrogen. Total RNA 183 was extracted from 50 mg ground leaf tissue using GeneMatrix Universal RNA Purification Kit 184 (EURx/Roboklon). Library preparation was performed by GATC Biotech (Konstanz, Germany) 185 using proprietary methods. Subsequently, the strand-specific cDNA library was sequenced by 186 GATC Biotech on Illumina HiSeq 4000 instruments in 150 bp paired-end mode. 187
188
The re-annotated N. benthamiana transcriptome (Kourelis et al., 2018) was downloaded from ORA 189 (https://ora.ox.ac.uk/objects/uuid:f09e1d98-f0f1-4560-aed4-a5147bc7739d). The index of the 190 reference transcriptome was built using Bowtie2 (Langmead and Salzberg, 2012) and paired-end 191 RNA sequencing reads were aligned to the reference transcriptome using RSEM (Li and Dewey, 192 9 2011) on Galaxy (RSEM-Bowtie2 v0.9.0). Differentially expressed genes (DEGs) between control-193 and TF-infiltration lines were identified with edgeR using read counts for each transcript and TMM 194 normalization. Genes with an adjusted p-value <0.05 and a minimum two-fold change were 195 considered as differentially expressed (Supplementary Tab. 2.) . The heatmap was visualized with 196 normalized counts (logCPM) that were hierarchically clustered by average linkage and one minus 197
Pearson correlation of rows using Morpheus (https://software.broadinstitute.org/morpheus). GO 198 enrichment was performed based on the hypergeometric test, and P value was corrected using 199 FDR method. In order to find potential targets in Miscanthus that allows engineering of biomass optimized for 217 bioenergy and biomaterials applications, we searched suitable TFs with the ability to regulate 218 SCW formation with a focus on lignin biosynthesis. In Miscanthus, the NAC TF MsSND1 has been 219 previously characterized as a master regulator orchestrating SCW formation, and MsSCM1, a 220 MYB TF related to MYB20/43/85 (Zhong et al., 2008) , has been proposed as specific regulator of 221 lignin biosynthesis (Golfier et al., 2017) . We identified a putative MsMYB103 in a Miscanthus 222 transcriptome (Barling et al., 2013 ) by a homology-based approach with AtMYB103 as query 223 sequence. AtMYB103 has been suggested as a key gene regulating the expression of ferulate-5-224 hydroxylase (F5H), which directs lignin biosynthesis towards formation of syringyl-rich lignin 225 (Öhman et al., 2013) and was initially suggested to regulate lignin composition exclusively. 226
However, MYB103 orthologues of grass species have also been shown to promote cellulose and 227 hemicellulose genes (Hirano et al., 2013; Yang et al., 2014; Ye et al., 2015) and AtMYB103 at 228 least associates with cellulose synthase promoter sequences (Zhong et al., 2008; Taylor-Teeples 229 et al., 2015) . The predicted MsMYB103 protein shares 43.9% identity and 51.9% similarity on 230 amino acid level with AtMYB103 ( Supplementary Fig. S ). An alignment of the R2R3 MYB DNA-231 binding domain at the N-terminus showed 96% identity on amino acid level, suggesting similar 232 DNA binding characteristics between MsMYB103 and AtMYB103. Phylogenetic analyses 233 revealed a close relationship of MsMYB103 to AtMYB103, GhMYBL1, PtrMYB10, and PtrMYB128 234 (Fig. 1) , TFs known to participate in the regulation of lignin biosynthesis and SCW formation 235 (Zhong et al., 2011; Öhman et al., 2013; Sun et al., 2015) . Similarly, MsSCM1 falls into a clade of 236 SCW regulators including AtMYB20/43/85, PbrMYB169, PtoMYB92, and PvMYB85 (Fig. 1; Zhong 237 et al., 2008; Li et al., 2015; Rao et al., 2018; Xue et al., 2019) . 238 239
Expression of MsSCM1 and MsMYB103 is associated with tissues undergoing lignification 240
In monocots, leaf growth is controlled by an intercalary meristem that is situated at the stem node, 241 driving leaf elongation. The continued differentiation along the leaf axis from immature leaf sheath 242 towards mature leaf tip results in a linear developmental gradient. Previously, high expression of 243
MsSND1 was found to coincide with vascular differentiation and SCW formation in Miscanthus 244 leaves (Golfier et al., 2017) , implying a role for MsSND1 in those processes. To explore the 245 potential involvement of MsMYB103 and MsSCM1 in secondary cell wall formation in Miscanthus, 246 11 expression of MsMYB103 and MsSCM1 was determined together with MsSND1 along the leaf 247 gradient and visualized in a heat map (Fig. 2) . The transcript abundance of MsSND1 was highest 248 at the leaf base in the first segment, and decreased strongly in the following segments, confirming 249 previous findings (Golfier et al., 2017) . The expression of MsMYB103 and MsSCM1 reached its 250 maximum in the second segment and declined markedly in the following segments (Fig. 2) . 251
Putative orthologues of MsMYB103 and MsSCM1 in rice and maize (GRMZM2G325907 and 252 LOC_Os08g05520, as well as GRMZM2G104551 and LOC_Os09g36250, respectively) display a 253 comparable expression pattern (Wang et al., 2014) in immature leaf, an organ known to show 254 active SCW formation and lignification. This is reminiscent of other putative MsSND1 target genes 255 (Li et al., 2010; Golfier et al., 2017) and supports a role of MsMYB103 and MsSCM1 in SCW 256 formation and lignification. 257 258
Ectopic expression of MsSCM1 and MsMYB103 lead to lignin deposition in tobacco leaves 259
In order to investigate the capability of MsSND1, MsSCM1, and MsMYB103 to induce lignification, 260 these TFs were ectopically expressed in Nicotiana benthamiana leaves. As previously described 261 (Golfier et al., 2017) , MsSND1 induced patterned formation of SCWs in spongy mesophyll, 262 epidermal, and palisade cells reminiscent of xylem elements, which were visualized by Basic 263
Fuchsin staining (Fig. 3A) . In contrast, ectopic expression of MsMYB103 resulted in uniform 264 deposition of lignin in most leaf cells and markedly more intense Basic Fuchsin fluorescence in 265 some cells (Fig. 3B ), similar to MsSCM1 (Fig 3C, Golfier et al., 2017) MsMYB103, consistent with the microscopy results obtained with histochemical staining (Fig. 3) . 285
Moreover, measurement of non-condensed lignin by thioacidolysis demonstrated a higher S/G 286 ratio in MsMYB103 expressing tissue, whereas expression of the other transcription factors 287 resulted in lower ratios, similar to the control (Fig. 4B) . These results are consistent with the 288 described role of Arabidopsis MYB103 as a key regulator of syringyl lignin (Öhman et al., 2013) . 289
However, in switchgrass expressing PvMYB85A, a close relative of MsSCM1 (Fig. 1) , was capable 290 of elevating the S/G ratio (Rao et al., 2019) , whereas MsSCM1 did not change S/G ratio in N. 291 benthamiana (Fig. 4B) , highlighting functional nuances between two closely related genes. 292
Analysis of the structural carbohydrates revealed that ectopic expression of MsSND1 and AtSND1 293 provoke a strong increase in xylose (Fig. 4C) , which likely originates from the formation of xylan 294 and/or arabinoxylan in cell walls (Golfier et al., 2017) . The composition of structural carbohydrates 295 in MsSCM1 samples was similar to control, except for a reduction in glucose, which was observed 296 in all samples. Interestingly, transient expression of MsMYB103 led to a small increase in 297 mannose and xylose (Fig. 4C) Agrobacterium-mediated infiltration of TFs into N. benthamiana leaves followed by RNA-seq was 306
shown to be suitable to discover downstream targets of TFs (Bond et al., 2016) . Four days post 307 infiltration, we could verify expression of MsSND1, MsSCM1, MsMYB103, and the putative 308 downstream targets CCoAOMT and XCP1 by q-RT-PCR, suggesting that the experimental 309 approach is suitable to capture the transcriptional profiles via RNA-seq ( Supplementary Fig. S2 ). 310
Evaluation of the transcriptomes using stringent parameter revealed a total of 4716 differentially 311 expressed genes (DEGs) in at least one condition compared to the control (Supplementary Tab. 312
2.). The hierarchically clustered heatmap of normalized counts of DEGs from control, MsSND1, 313
MsSCM1, and MsMYB103 illustrated a very similar expression pattern within biological replicates 314 13 (Fig. 5A) . As expected, the transcriptional response to expression of the master regulator MsSND1 315 was more extensive (3317 DEGs) than that to MsSCM1 and MsMYB103 expression (2241 and  316 1392 DEGs, respectively). The samples expressing lower tier MYB factors shared between 47% 317 and 69% of DEGs with MsSND1 samples (Fig. 5B, D) , consistent with the described role of MYBs 318 as downstream targets of secondary cell wall NAC master regulators (Rao and Dixon, 2018) . 319
However, samples from tissue expressing MsSCM1 shared only 25% of the upregulated DEGs 320 with tissues expressing MsMYB103, whereas the overlap was even lower (16%) with 321 downregulated DEGs (Fig. 5D) Table 3 ). SCWs are formed following cessation of growth and development often 331 accompany by cell death. GO terms linked to photosynthesis, energy metabolism, and nucleotide 332 metabolism were enriched in the intersection of downregulated DEGs (Fig. 5E) 
Expression atlas highlights essential genes of lignin biosynthesis 339
MsSND1, MsSCM1, and MsMYB103 were found to be associated with distinct cell wall and lignin 340 composition (Fig. 4B) . To obtain a detailed perspective on genes involved in lignification that may 341 affect lignin quality, expression of putative lignin genes from the transcriptomes were plotted in a 342 schematic lignin biosynthesis pathway (Fig. 6 ). Ectopic expression of MsSND1 and MsSCM1 343 elevated expression of several putative genes of the general phenylpropanoid pathway (PAL, 344 C4H, and 4CL), which allocate precursors for monolignol synthesis. It is tempting to speculate that 345 supply of precursors limits lignin formation leading to different lignin amounts observed in 346 14 generation of lignins rich in guaiacyl and syringyl units ( Fig. 4B; Fig. 6 ). Interestingly, MsMYB103 349 expression leads to less pronounced increase in the expression of these genes, whereas 350 transcripts for F5H and COMT, which redirect monolignol precursors towards sinapyl alcohol, are 351 induced more strongly than by expression of MsSCM1, possibly accounting for the high 352 accumulation of syringyl units in the cell wall lignin (Fig. 4B) . It has been suggested that AtMYB103 353 specifically regulates F5H expression to modulate lignin S:G ratio (Öhman et al., 2013) . However, 354 this direct and specific link could not be established for MYB103 proteins originating from grass 355 species, which were shown to regulate cellulose and hemicellulose (Hirano et al., 2013; Yang et 356 al., 2014; Ye et al., 2015) . In line with these results, MsMYB103 seems to orchestrate and finetune 357 SCW formation and lignin biosynthesis more broadly. This notion is supported by the distinct 358 expression profiles of various putative laccases and peroxidases (Fig. 6) , which may also have 359 implications on lignin composition (Berthet et al., 2011; Voxeur et al., 2015; Fernández-Pérez et 360 al., 2015) . Taken Antirrhinum, Brachypodium, Eucalyptus, Gossypium, Oryza, Panicum, Pinus, Populus, Pyrus, and Sorghum. Amino acid sequences were aligned by ClustalW and the phylogenetic tree was calculated by MEGA6 software with neighbor-joining with 1000 bootstraps (Tamura et al., 2013) . The evolutionary distance is represented by the scale bar. 
